This investigation aimed to evaluate the effect of some biocontrol agents against the powdery mildew of Thompson seedless grapevines. The study was carried out during the two successive seasons (2016 and 2017) at a private organic vineyard orchard located at El Beheira Governorate, Egypt. Uncinula necator (syn. Erysiphe necator) is a fungus that causes powdery mildew of grapevine. It causes severe loss in yield quantity and quality. Application of different biocontrol agents, e.g., Trichoderma harzianum, T. hamatum, T. viride, and their combinations, as well as the Blight stop (Trichoderma spp.), a commercial biocide and micronic sulfur, was an attempt to control the disease. The mixture of the three Trichoderma spp. showed the highest efficacy (80.16 and 89.95%) of controlling the disease incidence and severity in the two seasons 2016 and 2017, respectively, followed by the treatment of Blight stop + micronic sulfur (77.12 and 84.02%), while micronic sulfur showed the lowest effect (57.02 and 41.32%). At all treatments, the yield was increased and the chemical characteristics, e.g., "total sugars, total soluble solids (TSS), total anthocyanin (% in mg/100 g F.W.), and total phenols (mg/g betties as gallic acid equivalent)" of berries were improved. On the contrary, the percentage of total acidity was decreased at all treatments than in the control.
Background
Grapevine (Vitis vinifera L.) is one of the most important commercial fruits grown in Egypt. It is considered one of the most widely cultivated crops in temperate, sub-tropical, and tropical regions of the world. Grapevine cultivation offers a great economic potential due to its higher yield and monetary returns owing to the export (Vinothini et al. 2014) . Grapevine is subjected to the infection with powdery mildew, caused by Uncinula necator (Schwein.) Burrill. teleomorph of Oidium tuckeri Berk. Recently renamed Erysiphe necator Schwein and placed into the section Uncinula of the genus (Braun and Takamatsu 2000) . Powdery mildew is a worldwide economically important fungal disease in the grapevine farms and the most enduring and widespread problem (Gadoury et al. 2012) .
In Egypt, powdery mildew was found on different varieties of grapevine causing considerable losses in grape production (Saleh et al. 2007 ). The disease can be devastating on susceptible varieties under the proper environmental conditions. However, infection caused by this fungus develops at high humidity conditions, but not by free water (Sawant et al. 2017) . The release of ascospores has always been associated with rainy periods, where cumulative rainfall ranged between 2 and 58.5 mm. Therefore, rain is necessary for ascospore release that is a primary source of inocula (Jailloux et al. 1999) .
Control of powdery mildew infections becomes a challenge with the limited chemical options available. Biological control of plant diseases, using microorganisms, is a very promising alternative to the extended use of fungicides. It has received a considerable attention as an alternative strategy (El-Rafai et al. 2003) . Among the biological control agents, Trichoderma spp. are the most promising and effective biocontrol agents. Trichoderma afroharzianum Rifai showed a higher tolerance to fungicides commonly used in powdery mildew management (Sawant et al. 2017) .
Trichoderma spp., as antagonists, can control a wide range of microbes and their mechanism of mycoparasitism is much more complex, involves nutrient competition, hyperparasitism, antibiosis, space and cell wall degrading enzymes (Chet et al. 1997) . Trichoderma harzianum is a cosmopolitan species that might be found in the ground and can be considered as an identical biocontrol agent for its ideal characteristics. This antagonist is very easy to be isolated and to be grown rapidly on any organic staff. T. harzianum acts through different mode of actions, i.e., mycoparasitism (Benhamoud and Chet 1993) , production of antifungal (Robinson et al. 2009 ), also it owns an enzyme system that causes a destruction for the pathogens (Bolar et al. 2000) . It also acts as inducer for resistance in treated plants against certain pathogen organs (Shoresh et al. 2010) . It is also clear that it can grow within a wide range of temperature and other environmental conditions (Singh et al. 2010) .
Mixing antagonists with each other (T. harzianum and T. viride) might lead to an antagonistic effect, consequently decrease efficacy of treatment (Robinson et al. 2009 ) or lead to synergistic effect and increase the efficacy (Latha et al. 2009 ). This increase or decrease is due to the harmony and compatibility factors among bioagents. Due to the wide variation in antagonism and biocontrol efficacies exhibited by naturally occurring isolates of Trichoderma, the first requirement for developing a successful biocontrol system is of a highly effective strain (Sawant et al. 2012) .
The application of sulfur spray, at the rate of 600 g/100 L on grape leaves, has shown most effective in that management of powdery mildew and improved the grape yield compared with untreated plants (Emmett et al. 2003) . It works by killing the spores of powdery mildew, thus protecting the vines from new infections. It does not kill the fungus itself. The best use of sulfur, therefore, is to prevent vines from becoming infected, rather than to suppress infections once they have developed. Existing mature fungal colonies begins producing more spores a week after a sulfur spray is applied.
The present work aimed to evaluate different uses of bioagents (Trichoderma spp.) and/or their mixtures compared with a chemical treatment (micronic sulfur) against the powdery mildew of Thompson seedless grapevines under Egyptian field conditions, and their reflects on the vine growth, yield, and fruit quality.
Materials and methods

Antagonistic microorganisms
Different biocontrol agents, i.e., Trichoderma harzianum, T. hamatum, and T. viride were kindly obtained from the Central Lab. of Organic Agriculture, CLOA, ARC, Giza, Egypt.
Commercial biofungicide (blight stop)
The recommended biofungicide which consists of (Trichoderma spp. 30 × 10 6 ), obtained from CLOA, was used for comparison.
Micronic sulfur
The recommended fungicide micronic sulfur was used also as a comparison with the tested treatments. Manufacture by Kz, Egypt, consistence of Micronized Soreil/ Samark 70% wp sulfur.
Preparations of the biocontrol agents
Trichoderma harzianum, T. hamatum, and T. viride were prepared as follows: each of the antagonistic fungi was grown for 10 days at 25 ± 2°C on a liquid Gliotoxin fermentation (GF) medium under complete darkness conditions (Ahmed 2013) . All cultures were individually blended in an electrical blender for 2 min, used as suspension at concentration of (30 × 10 6 spores/ml) with a dilution 1:100, and then mixed with 5% Arabic gum and 5% potassium soap and wetting the leaves, using a sprayer to increase adhesive capacity and improve distribution of bioagent on the surface of treated plants for all preparations and blight stop the commercial biocide. Mixtures of the three Trichoderma spp. were mixed at the rate of 1:1.
Field applications
The study was conducted for two successive seasons (2016 and 2017) in a private vineyard, called Electricity Station Farm, which is registered at ECOA control body, as a full organic farm, under the code number A812, Wadi El Faregh, Wadi El-Natroun, El Beheira Governorate, Egypt to evaluate using organic products to reduce powdery mildew of Thompson seedless grapevines and their reflects on vine growth, fruits yield, quantity and quality. The chosen vines were 12 years old, grown in a sandy loam soil, spaced at (1.5 × 3.0 m) apart and irrigated, using drip irrigation system, trained to bilateral cordon with spur pruning and trellised by the "Y" shape system. The vines were pruned at the end of January in both seasons according to Fawzi et al. (2010) .
All vines received the same agricultural practices applied in the vineyard. Every five vines acted as a replicate and each three replicates were treated by T. harzianum, T. hamatum, T. viride, their combinations and blight stop were used as a suspension at the concentration of (30 × 10 6 spore/ml) with a dilution of (1:100), while micronic sulfur was used at the rate of (250 g/100 L). Arabic gum and potassium soap were added at (5%) for each spray. Only distilled water was applied at the same period as control. Foliar sprays of the treatments were applied at a regular interval and repeated two times every other week. All treatments received the same normal agricultural practice till harvest in May.
Plant parameters adopted to evaluate the treatments Disease assessment
For powdery mildew assessment, the evaluation on leaves was carried out 15 days post the last application. % Disease incidence (DI) was determined according to the formula: DI% ¼ Number of infected leaves Total nostudied leaves Â 100
The disease severity was recorded immediately pre each spray application and 7 days post the last spray. It was rated as a 0-5 scale, where 0 = no infection, 1 = 1-10% leaf area infected with powdery mildew, 2 = 11-25%, 3 = 26-50%, 4 = 51-75, and 5 = 76-100% (Horsfall and Heuberger 1942) . The ratings were converted to percent disease index (PDI), using the formula given by Wheeler (1969) :
Â 100 , where D.S.I = disease severity index, n = number of leaves in each category, v = numerical value of each category, z = numerical value of highest category and N = total number of leaves in the sample.
In addition to plant height, no. of leaves/plant, fresh weight/plant, and onion bulb yield as kg/plot was weighted at the end of each season.
Yield (kg/vine)
At harvesting, when TSS% of berries reached about (16-17%) in control, 6 clusters/vine were weighted and an average cluster weight was multiplied by the number of clusters/vine to calculation average of yield/vine.
Biochemical characteristics (properties)
Representative random samples of six bunches/vine were harvested at maturity, when total soluble solids (TSS) reached about (16-17%) according to Tourky et al. (1995) .
All bio-chemical analysis were conducted at the Central Lab. of Organic Agriculture; CLOA; Agricultural Research Center, ARC; Giza Governorate, Egypt.
1. Total soluble solids content (TSS %): fresh preparation of the berry juice samples was used for determination of the total soluble solids (TSS), using a hand refractometer (Model BX-1 and Brix 0-32%). 2. Total acidity percentage was determined according to A.O.A.C (2003) . 3. TSS/acid ratio was calculated by dividing the percentage of TSS on the value of total acidity.
4. Total sugars (%) were determined according to Sadasivam and Manickam (1996) 5. Total anthocyanin: total anthocyanin of berries skin (% in mg/100 g fresh weight) was determined by using the spectrophotometer at wave length of 535 mm, according to the method of Husia et al. (1965) . 6. Total phenols: total phenols (mg/g berries as gallic acid equivalent/g FW) was based on FolinCiocalteau reagent (Zieslin and Ben-Zaken 1993) . Changes in sugar and phenol contents in infected table grapes, 35 days post the storage time were considered. Determinations of phenolic compounds were calorimetrically determined by a spectrophotometer at 760 nm as described by Snell and Snell (1953) .
Statistical analysis
The complete randomized block design was adopted for the experiment. Data were subjected to statistical analysis and compared according to the least significant difference (LSD) as mentioned by Snedecor and Cochran (1989) . Averages were compared using the new LSD values at 5% level.
Results and discussion
Evaluation of the biocontrol potential of antagonistic isolates in vineyard
All the tested biological control treatments (Trichoderma harzianum "T. s.", T. viride "T. v.", T. hamatum "T. h."), their combinations (T. harzianum + T. viride); (T. harzianum + T. hamatum); (T. viride + T. hamatum); (T. harzianum + T. viride + T. hamatum), and the commercial preparation, blight stop {(T. s. + T. v. + T. h. + M. s.) and micronic sulfur (MS) alone} significantly reduced the powdery mildew rate on Thompson grapevine disease parameters (incidence and severity) in 2016 and 2017 growing seasons than in the control treatment (Table 1 ). Significant differences were found also among the bioagents vital treatments. The mixture of T. harzianum + T. viride + T. hamatum showed the highest efficacy (80.16 and 89.95%), followed by blight stop + micronic sulfur (77.12 and 84.02%) in controlling disease incidence and severity during the two seasons 2016 and 2017, respectively. On the other hand, micronic sulfur showed the respective lowest efficacy (57.02 and 41.32%) in controlling the disease.
In vivo, the results may be explained according to the dual effect of the bioagents, which produce growth regulators in addition to the chemical effect of antioxidants, which plays a clear role in improving plant physiology, metabolism (Sawant and Sawant (2010) and induce systemic resistance (ISR) (Compant and Mathieu 2016) .
The potential of Trichoderma spp. for controlling the plant pathogenic fungi have been known to include direct effects upon target fungi via competition, mycoparasitism, and antibiosis as their primarily mechanisms (Ahmed 2013 ). Matei and Matei (2008) explained this protection effect as antibiosis action occurred in court of infection. Some other investigators reported changes in plant physiology and chemical components in plants treated with these bioagents (Hafez et al. 2012) . Also, Trichoderma spp. are reported to produce antifungal substances such as Endo chitinase, beta-glucosidase, alpha-1,3-glucanase (Monteiro et al. 2011) , and trichodermin (Balode 2010) ; meanwhile, the other isolates compete for space or nutrients. Mixing different isolates increase the scope of mode of action consequently increase efficacy of the treatment.
Effect of the tested antagonists on yield and its components
The yield and its components were significantly affected by the applied treatments in both seasons ( Table 2 ). The mixture of T. harzianum + T. viride + T. hamatum caused the highest significant increase in the yield values (19.5 and 19.7 kg/vine) during 2016 and 2017 growing seasons, respectively than in the control. On the other hand, micronic sulfur treatment recorded the lowest effect (13.4 and 13.6 kg/vine) in the two seasons, respectively. This observation could be attributed to the synergistic dual effects due to the bioagents, which produce growth regulators (Karlidag et al. 2012) , in addition to their effect as resistant inducer (Compant and Mathieu 2016) . This improvement led to an increase in yield and dry matter. 
Effect of the tested antagonists on chemical characteristics of berries
All treatments led to increases in all the tested parameters of fruits (total soluble solids "TSS" and TSS/acid ratio) and decreases in the percentage of total acidity compared with micron sulfur and control treatments in both seasons of the study (Table 3) . These increases might be due to the healthy and vigor growth of treated plants, which improves photosynthesis and other biochemical activities in plant physiology consequently increases TSS and TSS/acid ratio (Fawzi et al. 2010 ).
The lowest values of acidity (0.50 and 0.51%) were obtained by spraying the blight stop + micronic sulfur, followed by the mixture of T. harzianum + T. viride + T. hamatum (0.52 and 0.53%), respectively. Micron sulfur recorded the highest values (0.68 and 0.69%) of acidity than the control treatment in the two seasons, 2016 and 2017, respectively.
These synergistic effects might be due to the dual effect of the bioagents, which produce growth regulators in addition to their effect as resistant inducer (Constantinescu et al. 2009 ). Bioagents not only affect outer surface plant but also affect plant metabolism leading to changes in plant components (Hafez et al. 2012 ) and improving plant growth (Kloepper et al. 2004) . Tronsmo et al. (1993) reported that T. harzianum isolates produce chitinase and 1,3 gluconase enzymes, which are responsible for dissolving cell wall of the pathogenic fungi, then grow and consume its inner contents causing destruction of the pathogen's cells.
Spraying Thompson grapevine in all applied treatments used in this study, separately and/or their mixtures, caused significant increases in chemical characteristics of "total sugars, total anthocyanin, and total phenols" in both seasons 2016 and 2017 compared with the untreated plants ( Table 4 ). The treatment of blight stop + micronic sulfur gave the highest values in total sugars, total anthocyanin, and total phenols in berry skin compared with the other treatments, followed by the mixture of T. harzianum + T. viride + T. hamatum compared with the control treatment in 2016 and 2017 seasons, respectively. While spraying Thompson grapevine with micronic sulfur alone gave the lowest values in chemical characteristics this regards (Table 4) . On the other hand, spraying Thompson grapevine for controlling the powdery mildew disease, using different treatments, was accompanied by protecting the clusters from fruit rots, which reflects in decreasing fruit dropping and succeeds in gaining harvested clusters and high yield. This regime of treatments increased photosynthesis, consequently the amount of sugars, anthocyanin, and phenols and lead eventually to a good yield. This increase in yield may be due to a vigor growth of healthy plants, in addition, to growth regulators, produced by Trichoderma spp. and improved biochemical metabolism in the treated plants (Sawant and Sawant 2010) .
Conclusion
Evaluations of different biocontrol agents, namely Trichoderma harzianum, T. hamatum, T. viride, alone or in combinations as well as with the blight stop, a commercial (Trichoderma spp.) biocide and the micronic sulfur, in reducing powdery mildew infection on grapevine were carried out under Egyptian field conditions. All vital bioagents' treatments significantly reduced disease parameters "incidence and severity" compared with micronic sulfur and control in the two seasons, 2016 and 2017. The yield was increased in all treatments, as well as improved the biochemical characteristics "total sugars, total soluble solids (TSS), total anthocyanin (% in mg/100 g fresh weight), and total phenols (mg/g betties as gallic acid equivalent)" of berries. On the contrary, all treatments decreased the percentage of total acidity. So, the results may support the new trend of using biocontrol agents and their combinations for control powdery mildew disease in grapevine orchards in Egypt.
